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© Organic device and method for producing the same. 



© The present invention provides an organic de- 
vice comprising a substrate having a polymerized 
monomolecular or built-up multi-monomolecular film, 
a first electrode, a second electrode with said film 
intervening between the electrodes, a third electrode 
connected directly or indirectly to the mon- 
omolecular or built-up multi-monomolecular film, 
which device is operated by applying a voltage 
between the third electrode and the second elec- 
trode to control an electric current flowing between 
the first electrode and the second electrode through 
f said polymerized monomolecular or built-up multi- 
^ monomolecular film between the electrodes. If the 
(V) polymerization of the monomolecular film is elimi- 
^ nated, the device can be imparted with learning 
^ functions because the polymerization of the film pro- 
0> ceeds depending upon an amount of electricity flow- 
CD ing during the use of the device. Since the present 
^ invention makes use of electroconductive groups in 
O the monomolecular or built-up multi-monomolecular 
n film, there can be produced such devices with or- 

UJ 



ganic materials as being independent of crystallinity 
even when any fine processing is performed for 
further increasing the high packing density of the 
devices. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an electronic 
device with organic materials (organic device) and 
a method for producing the same. More particu- 
larly, the present invention relates to an electronic 
device utilizing a current of electrons flowing 
through an electroconductive monomolecular film 
or an electroconductive built-up murti-mon- 
omolecular film and a method for producing the 
same. 

Description of Related Art 

Electronic devices have been heretofore manu- 
factured by using inorganic semiconductor crystals 
as represented by silicon crystals. However, the 
inorganic crystals have disadvantages that as they 
are made finer, lattice defects become critical and 
the performance of the devices depends greatly 
upon the crystallinity. 

SUMMARY OF THE INVENTION 

H is an object of the present invention to pro- 
vide an electronic device of a high packing density 
having learning functions produced by using or- 
ganic materials which are independent of the 
crystallinity even when the finally processing is 
performed to increase the packing density of the 
devices. 

In order to overcome the problems as above, 
the present invention provides an organic device 
comprising a substrate having a polymerized mon- 
omolecular or built-up multi-monomolecular film, a 
first electrode, a second electrode with said film 
intervening between said electrodes, a third elec- 
trode connected directly or indirectly to said mon- 
omolecular or built-up multi-monomolecular film, 
which device is operated by applying a voltage 
between said third electrode and said second elec- 
trode to control an electric current flowing across 
said first electrode and said second electrode 
through said polymerized monomolecular or built- 
up multi-monomolecular film between said elec- 
trodes. If the polymerization of the monomolecular 
film is eliminated, the resistant device can be im- 
parted with learning functions because the poly- 
merization of the film proceeds depending upon an 
amount of electricity flowing during the use of the 
device. 

Since the present invention makes use of elec- 
troconductive groups in the monomolecular or built- 
up multi-monomolecular film, there can be pro- 
duced such devices with organic materials as be- 
ing independent of crystallinity even when any fine 



processing is performed for further increasing the 
high packing density of the devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

FIGURE 1A is a schematic cross-sectional view 
of an embodiment of the organic devices ac- 
cording to the present invention, 
FIGURE IB is an enlarged schematic cross- 
to sectional view on the order of molecule of the 
circled part A of the embodiment shown in FIG- 
URE 1A. 

FIGURES 2A and B are schematic cross-sec- 
tional views illustrating a process for producing 

75 an embodiment of the organic devices accord- 
ing to the present invention. 
FIGURE 3A is an enlarged schematic cross- 
sectional view on the order ot molecule of a 
single layer of TCS adsorbed film formed on a 

20 substrate. 

FIGURE 3B is an enlarged schematic cross- 
sectional view on the order of molecule of poly- 
thienylene bonds formed on a substrate after 
polymerization. 

25 FIGURE 4A is an enlarged schematic cross- 
sectional view on the order of molecule of a 
single layer of TADLB film formed on a sub- 
strate. 

FIGURE 4B is an enlarged schematic cross- 
30 sectional view on the order of molecule of poiy- 
thienylene bonds formed on a substrate after 
polymerization. 

DETAILED DESCRIPTION OF PREFERRED EM- 
35 BODIMENTS 

The present invention provides an organic de- 
vice characterized by comprising a substrate hav- 
ing a first electrode and a second electrode formed 

40 with an electrolytically polymerized monomolecular 
or built-up murti-monomolecular layer intervening 
between said electrodes, and a third electrode con- 
nected directly or indirectly to said monomolecular 
or built-up multi-monomolecular layer as well as to 

45 said first and second electrodes, which device is 
operated by applying a voltage between said third 
electrode and said second electrode to control an 
electric current flowing between said first electrode 
and said second electrode depending upon vari- 

50 ation of said voltage. 

The area across which the electric current 
flows is formed with conjugated bonds produced 
within an organic material, especially an organic 
monomolecular or built-up multi-monomolecular 

55 film by an electrolytic polymerization thereof, there- 
by achieving an enhancement in high functionality 
and a finer structure of the device. 

As a technique for forming the organic mon- 
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omolecular or built-up multi-monomolecular film, 
the use of linear hydrocarbon derivatives having a 

-Si-Cl 
I 

group at a terminal enables the monomolecular film 
to be formed on a hydrophilic surface of a sub- 
strate by chemical adsorption in an organic solvent 
(a chemical adsorption method), and the built-up 
multi-monomolecular film also to be formed by 
making the surface of the previously formed mon- 
omolecular film have reactive functional groups 
such as vinyl group, subjecting the surface to high 
energy irradiation in a gaseous atmosphere con- 
taining oxygen or nitrogen to render the surface 
hydrophilic, and repeating the chemical adsorption 
process as above. 

Thus, the chemical adsorption method using 
materials such as linear hydrocarbons containing 
an unsaturated group capable of being electrolyti- 
cally polymerized (e.g., thienylene group) in a part 
of the molecule can be conducted to produce a 
monomolecular film having electrolytically poly- 
merizable groups oriented on the order of several 
tens Angstroms as well as a buiH-up multi-mon- 
omolecular film with ease. 

The electrolytically polymerizable unsaturated 
groups such as thiophene groups of the mon- 
omolecular film built up by said method may be 
field-polymerized under an electric field applied 
between the first electrode and the second elec- 
trode allowing the polythienylene groups to un- 
dergo self-arranging growth in the direction of the 
field in an electrolytic solution, thereby forming a 
monomolecular or built-up multi-monomolecular 
film having an ultra-high molecular weight with a 
very long conjugated segment, which film is stable 
in an atmosphere containing oxygen and comprises 
a sequence of electroconductive conjugated bond- 
ing groups connecting the first electrode and the 
second electrode. If the electrolytic polymerization 
is eliminated in the formation of the film, the resul- 
tant device may be used as a device having learn- 
ing functions acting depending upon a length of 
switching on-time since the electrolytically poly- 
merizable unsaturated groups of the film will be 
polymerized in use depending upon an amount of 
a flow of electric current. 

Alternatively, a material having electrolytically 
polymerizable unsaturated groups dissolved in an 
organic solvent is spread on the surface of a water 
bath, and after the organic solvent is evaporated, 
the molecules of the material remaining on the 
surface of the water are collected by a barrier in 
the direction parallel to the surface of the water to 
build up a monomolecular or multi-monomolecular 



film on a substrate while the substrate is moved up 
and down under a predetermined pressure applied 
to the surface of the water ( this process for build- 
ing up is called as the "Langmuir-Blodgett'* (LB) 

5 method and the monomolecular layer buiH up by 
this method is referred to as LB film ), and there- 
after, the produced layer is similarly field-polymer- 
ized to form a polymeric monomolecular or built-up 
multi-monomolecular film of a conjugated bonding 

io type which has an ultra-high molecular weight, a 
very elongated conjugated segment, and a high 
stability even in an atmosphere containing oxygen, 
with electroconductive conjugated groups connect- 
ing the first electrode and the second electrode. 

75 

Examples . 

Details of the devices and the process for 
producing the same according to the present in- 

20 vention will be described with reference to Exam- 
ples as well as to FIGURES 1 to 4 hereinunder. 

For example, as shown in FIGURES 1A and 1B, 
there is produced a substrate 1 having an elec- 
trolytically polymerized electroconductive mon- 

25 omolecular or built-up multi-monomolecular film 2 
formed between a first metallic electrode 3 and a 
second metallic electrode 4 on insulating films and 
a third metallic electrode 5 (gate electrode) formed 
on the surface of the substrate. 

30 Since the electroconductive monomolecular or 

built-up multi-monomolecular films are very thin on 
the order of several tens Angstroms, an amount of 
holes or electrons to be injected into the elec- 
troconductive conjugated group segment of the 

35 electroconductive monomolecular or built-up multi- 
monomolecular film can be controlled by applying 
a voltage between the first electrode and the sec- 
ond electrode as well as between the first electrode 
or the second electrode and the third electrode, 

40 and by varying the voltage between the third elec- 
trode and the first electrode or the second elec- 
trode, so that one can produce a FET type organic 
device where an electric current flowing through 
the electroconductive monomolecular or built-up 

45 multi-monomolecular film between the first elec- 
trode and the second electrode can be controlled. 

FIGURE 1 B shows an enlarged schematic view 
of the part A of FIGURE 1A. In the FIGURE, 
reference numbers 6 and 7 are insulating films 

50 (usually of SiC>2 when Si substrates are used). 

For the production of the monomolecular or 
built-up multi-monomolecular films containing elec- 
trolytically polymerizable unsaturated groups, one 
may employ the chemical adsorption method or 

55 the LB method, as described later. 

ft is required here that the monomolecular or 
built-up multi-monomolecular films contain elec- 
troconductive conjugated groups such as poly- 
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thienylene group for th electroconductive conju- 
gated groups 8 [ FIGURE 1 B], and that the connec- 
tion between the first electrode and the second 
electrode is effected with the polythienylene 
groups. 

For devices having enhanced amplifying prop- 
erties, the insulating films 6 should be thinner, and 
may be eliminated. 

In order to stabilize the electrical properties, 
the first and the second electrodes must be dis- 
posed in a manner as the gap therebetween is 
uniform. 

Moreover, the third electrode (that is, the sub- 
strate) should be made of easily oxidizable metals 
other than Au and Pt, or of semiconducting materi- 
als such as silicon to allow oxide films to form 
naturally on the surface of the electrode, which has 
an effect of increasing the breakage voltage be- 
tween the first and the second metallic electrodes 
and the third metallic electrode. In addition, the 
formation of the oxide film is beneficial for the 
production of the chemically adsorbed films on the 
surface of the substrate which is used as the third 
electrode. 

As electroconductive conjugated groups to be 
introduced, polyenes which are produced with elec- 
trolytically polymerizable unsaturated groups such 
as polypyrrole, polysilole, polypyridinopyridine, 
polyaniline and the like other than polythienylene 
can be used. 

The device shown in FIGURES 1A and B may 
be naturally modified to provide a device having 
the identical functions by forming the first and the 
second metallic electrodes on the surface of the 
substrate and, thereafter, forming a third metallic 
electrode on the opposite side on the substrate 
with an electroconductive monomolecular or built- 
up multi-monomolecular film being interposed. 

Procedures for producing the devices as above 
will now be described. 

First, patterns of first metallic electrode 3 and 
second metallic electrode 4 are formed on sub- 
strate 1 (e.g.. Si substrate) with insulating film 7 
(Si02 film) intervening between the electrodes and 
the substrate by any suitable process as shown in 
FIGURE 2A. 

The metallic electrodes may be formed by 
utilizing any conventional process such as those 
where a metal film is deposited by vacuum evap- 
oration onto the whole surface of the substrate and 
subjected to etching through a pattern of photores- 
ist or to lift-off so as to leave a pattern of metallic 
electrodes. 

Then, th insulating film 7 is tched out with 
the first electrode 3 and the second electrode 4 
being used as masks. When Si substrates are 
employed as usual, very thin insulating films 6 
consisting of a spontaneously formed oxide film 



(Si02> are formed on the surfac simply by wash- 
ing after etching without requiring any additional 
oxidation. 

Then, the monomolecular or built-up multi- 
5 monomolecular films containing electrolytically 
polymerizable groups are formed on the insulating 
films 6. 

The monomolecular films may be produced by 
utilizing the LB method or the chemical adsorption 

70 method. 

Furthermore, an electric field of about 5 V/cm 
is applied between the first electrode and the sec- 
ond electrode to polymerize for several tens of 
minutes in nitrobenzene containing 0.02 mol/I of 

75 tetrabutyl ammonium perchlorate. At this time, the 
unsaturated groups are polymerized in sequence in 
the direction of the field, so that after perfect com- 
pletion of the polymerization, the first electrode and 
the second electrode are connected self-arranged ly 

20 with conjugated bonds 9 [FIGURE 2B]. Alternative- 
ly, if the electrolytical polymerization is eliminated 
in the above procedure, the resulting device has 
naturally unsaturated groups in the film therein, the 
polymerization of which proceeds proportionally to 

25 the period of time of applying an electric current, 
i.e., an amount of the applied electric current, so 
that the conductivity between the first electrode 
and the second electrode is controlled (in other 
words, learning functions are imparted). 

30 Finally the third electrode (gate electrode) is 

derived from the substrate to complete the produc- 
tion of the device. 

O Process for Production of Monomolecular Film, 
35 Part 1 (Use of Chemical Adsorption Method) 

Although a wide variety of chemicals have 
been used, the following explanation will be made 
to the use of one of thiophene derivatives, CH 3 - 

40 (CH2)m-R-(CH2)n-SiCl3 where R is a thiophene de- 
rivative group, and m + n is 17, though good results 
have been obtained in the range of 14 to 24) 
(referred to as TCS hereunder). 

For example, as shown in FIGURE 2A and B, 

45 Au electrodes were formed as the first electrode 3 
and the second electrode 4 on a Si substrate 1 
having insulating films (Si02 films) 7 formed on the 
surface thereof, and the exposed Si02 films are 
etched out. 

so Then, the monomolecular films are formed with 

TCS by chemical adsorption on the surface of the 
substrate. At this time, the 

l 

55 -Si-Cl 

I 

groups react with the -OH groups associated with 
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spontaneously formed oxide film (S1O2 film) 1 1 to 
release off hydrochloric acid resulting in formation 
of a monomolecular, 

I 

CH 3 - (CH, ) m-R- (CH 2 ) n-Si-O- 

I 

film 12 on the surface of the substrate [FIGURE 
3A]. 

For example, the substrate having the Au elec- 
trodes formed can be immersed in a solution of 
TCS (silane based surfactant) at a concentration of 
2.0 x 10~ 3 to 5.0 x 10~ 3 mol/L dissolved in a 
solvent containing 80 % n-hexadecane, 12 % 
tetrachlorocarbon and 8 % chloroform for several 
tens minutes at room temperature to produce 



I 

-Si-O- 
I 

bondings on the surface of the Si02 film. 

At this point, the formation of the mon- 
omolecular film 12 of 

I 

CH 3 - (CH 2 ) m-R- (CH 2 ) n-Si-O- 

I 

on the surface of the substrate has been confirmed 
by FTIR. 

In this procedure, the formation of the film by 
chemical adsorption was performed in an atmo- 
sphere of N 2 containing no moisture. 

Then, the polymerization is performed by ap- 
plying an electric field of 5 V/cm between the 
electrodes 3 and 4 in the electrolytic solution as 
shown in FIGURE 2B to cause such a raction as 
shown in FIGURE 3B, i.e., production of poly- 
thienylene bonds which has been clearly confirmed 
by FTIR. 

Although there have been discussed in the 
aforementioned Examples the procedures where a 
single monomolecular film is formed by chemical 
adsorption and then polymerized, it is clearly pos- 
sible that a plurality of adsorbed films may be built- 
up and thereafter subjected to polymerization reac- 
tion, or that a cycle of the formation of an adsorbed 
film and the subsequent polymerization reaction 
may be repeated to produce the polythienylene 
multi-monomolecular film. 

O Process for Production of Monomolecular Rim, 
Part 2 (Use of the LB Method) 

Although a wide variety of chemicals have 



been used, the following explanation will be made 
to the use of one of thienylene derivatives, CH 3 - 
(CH 2 )m-R-(CH 2 )n-COOH where R is a thiophene 
derivative group, and m + n is 17, though good 

5 results have been obtained in the range of 14 to 
23) (referred to as TAD hereunder). 

LB films were built up in a clean room of a 
class 100 under yellow illumination with lights of 
500 nm or less being cut off by using Joyce-Loebl 

70 Trough IV. At this time the inside of the room was 
conditioned at room temperature of 23 ± 1 * C and 
at a humidity of 40 ± 5 %. The substrates used in 
building up LB films were Si substrates of 3 inches 
in diameter having Ag electrodes formed thereon 

is with oxide films intervening. 

First, as shown in FIGURE 2, Ag electrodes 
were formed as the first electrode 3 and the sec- 
ond electrode 4 on a Si substrate 1 having insulat- 
ing films of Si0 2 7 formed on the surface thereof, 

20 and the exposed Si0 2 films were etched out. 

Then, the monomolecular film 22 was formed 
with TAD by the LB method on the surface of the 
substrate. At this time, the -COOH groups were 
built-up onto the spontaneously formed oxide film 

25 (SiCfe film) 11 on the Si substrate [FIGURE 4A]. 

At this point, the formation of the mon- 
omolecular film 22 of CH 3 -(CH 2 )m-R-(CH 2 )n-COOH 
on the surface of the substrate was confirmed by 
FTIR. 

30 Then, the polymerization is performed by ap- 

plying an electric field of 5 V/cm across the elec- 
trodes 3 and 4 in the electrolytic solution as shown 
in FIGURE 2B to cause such a reaction as shown 
in FIGURE 4B, i.e., the production of poly- 
35 thienylene bonds 13 which has been clearly con- 
firmed by FTIR. 

Although the procedure where a single mon- 
omolecular film is formed and thereafter polymer- 
ized has been illustrated in this Example, it has 
40 been confirmed that it is possible to produce multi- 
monomolecular films of the polythienylene con- 
jugated polymer by building up a plurality of LB 
films and thereafter conducting the electrolytical 
polymerization reaction, or by repeating alternative- 
's ly the step of the formation of a film and the step 
of the polymerization reaction. 

When the LB method is employed, the requi- 
site number of steps is minimized by conducting 
the electrolytical polymerization after a plurality of 
so films were built-up, since the building up can be 
easily carried out. 

Other electroconductive conjugated groups 
which can be used other than the above illustrated 
ones are thienylene group, pyrrole group, 
55 pyridinopyridine, aniline, silole and the like. 

The present invention provides an organic de- 
vice comprising a substrate having a first electrode 
and a second electrode formed with a polymerized 
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monomolecular or built-up multi-monomolecular 
film intervening between said electrodes, and a 
third electrode connected directly or indirectly to 
said monomolecular or built-up mutti-mon- 
omoJecular film, which device is operated by apply- 
ing a voltage between said third electrode and said 
second electrode to control an electric current flow- 
ing between said first electrode and said second 
electrode. Therefore, by using the chemical ad- 
sorption method or the LB method together with 
the electrolytical polymerization, polymers having 
etectroconductive conjugated bonds can be highly 
efficiently produced in a manner as self- arranging 
to connect between the two electrodes so that high 
performance organic devices can be achieved. 

According to this process, it is possible theo- 
retically to produce a linear electroconductive con- 
jugated polymer having an ultra-high molecular 
weight and a sequence of conjugated bonds of 
several millimeters or several centimeters or more 
in length. Therefore, it is very useful for production 
of the present devices. 

Claims 

1. An organic device comprising a substrate hav- 
ing a first electrode and a second electrode 
formed with a polymerized monomolecular or 
built-up multi-monomolecular film intervening 
between said electrodes, and a third electrode 
connected directly or indirectly to said mon- 
omolecular or built-up multi-monomolecular 
film, which device is operated by applying a 
voltage between said third electrode and said 
second electrode to control an electric current 
flowing between said first electrode and said 
second electrode. 

2. The organic device according to Claim 1, in 
which said monomolecular or built-up mufti- 
monomolecular film contains electrolytically 
polymerized electroconductive conjugated 
groups. 

3. The organic device according to Claim 2, in 
which said electroconductive conjugated 
groups are not directly in contact with said 
third electrode. 

4. The organic device according to Claim 2, in 
which said first electrode and said second 
electrode are in contact with said electrocon- 
ductive conjugated groups. 

5. The organic device according to Claims 1, in 
which said first electrode and said second 
electrode are made of metal, and said third 
electrode is silicon. 



6. A process for producing an organic device 
comprising the steps of forming a first elec- 
trode and a second electrode on a substrate 
having an insulating film formed on the surface 

5 thereof, etching out said insulating film with 

said first electrode and said second electrode 
being used as masks, forming a mon- 
omolecular or built-up multi-monomolecular 
film containing electrolytically polymerizable 

io groups directly or indirectly on the surface of 

said substrate which acts as a third electrode, 
applying a voltage between said first electrode 
and said second electrode to polymerize said 
electrolytically polymerizable groups, and de- 

rs riving a third electrode from said substrate. 

7. The process for producing an organic device 
according to Claim 6, in which said step of 
forming said monomolecular or built-up multi- 

20 monomolecular film containing said electrolyti- 

cally polymerizable groups is performed by a 
chemical adsorption method or the Langmuir- 
Blodgett method. 

25 &. The process for producing an organic device 
according to Claim 7, in which said step of 
forming said monomolecular or built-up multi- 
monomolecular film containing said electrolyti- 
cally polymerizable groups includes a proce- 

30 dure of forming at least one layer of said 

monomolecular film by chemically adsorbing a 
silane based surfactant containing said elec- 
trolytically polymerizable unsaturated groups 
from a non-aqueous organic solvent onto the 

35 surface of said substrate. 

9. The process for producing an organic device 
according to Claim 7, in which said step of 
forming said monomolecular or built-up multi- 

40 monomolecular film containing said electrolyti- 

cally polymerizable groups includes a proce- 
dure of spreading a surfactant containing said 
electrolytically polymerizable unsaturated 
groups on the surface of a water bath to form a 

45 monomolecular film, transferring at least one 

layer of said monomolecular film onto the sur- 
face of said substrate, and chemically bonding 
molecules of said surfactant to form at least 
one layer of said monomolecular film of said 

so surfactant containing electroconductive conju- 

gated groups. 

10. The process for producing an organic device 
according to Claim 6, in which after forming at 

55 least one layer of said monomolecular film 

containing said electrolytically polymerizable 
unsaturated groups on the surface of said sub- 
strate, said unsaturated groups are electrolyti- 
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cally polymerized by applying a voltage be- 
tween said first electrode and said second 
electrode to produce electroconductive con- 
jugated groups connecting between said first 
electrode and said second efectrode. 5 

11. The process for producing an organic device 
according to Claim 8, in which said silane 
based surfactant is a chemical material con- 
taining a chtorosilyl group at a terminal. io 
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FIG. 2B 
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